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The application of microphotographic methods for the
processing and storage of information has grown steadily
during the last two decades. The microphotographic system,
through which the information must pass at a minimum is as
follows :
Step 1: Photographing of the original document at a
large reduction onto a silver halide micro
film.
Step 2: Duplicating through contact printing onto a
non-silver photographic material.
Step 3: Second generation duplication onto a non-
silver photographic material (This image may
be used on a microfilm reader) .
Step 4: Enlargement of the second generation dupli
cate to give a hard copy print.
One of the main objectives of this system is the production
of a legible image at the end of the process. As the steps
mentioned above indicate, the creation of the original nega
tive at a large reduction is the first major step and criti
cal to the success of future steps in the process. A
mistake in camera exposure at this point may well cause an
illegible image to be produced at the end of the system. A
technique long utilized by the microfilm industry for the
measurement of small scale image quality of greatly reduced
images is resolution in lines per millimeter. The purpose
of this experiment is to determine the relationship between
resolution and legibility for similarly produced original
negatives.
The methodology of the experiment consisted of pro
ducing original negatives in a conventional microphoto
graphic system at 24x reduction of two types of resolution
test targets. The NBS 10-10 (100:1 contrast) test chart and
the R.I.T. alphanumeric (100:1 and 8:1 contrast) test ob
jects v/ere the three targets used. The three targets were
photographed at eight equally spaced exposure levels with a
total ratio of 10:1. Replicate images were made at each
exposure level. The resolution measurements were read from
an 80x microscope and from a microfilm reader at 24x by
this author.
A series of standard documents in two different type
faces (ten point serif and sanserif) were exposed and pro
cessed in the same manner as the resolution targets. Repli
cate sets were made at each exposure level. The standard
documents consisted of meaningful, continuous, textual
material. The original negatives of these standard documents
were evaluated for their legibility by placing them in a
microfilm reader (24x) and determining the distance at
which the images became legible. Fifteen observers were
employed. The average distance measurements were used to
determine the relative legibility of the original negatives.
A two-factor ANOVA at an alpha risk of 0.05 indicated that
type face did not affect the relative legibility of the
negatives. Camera exposure level was found to be signifi
cant, which means that images of varying legibility were
produced.
The functional relationships between resolution from
the three targets versus camera exposure level and between
relative legibility versus camera exposure level were deter
mined and found to fit second-order models. The optimum
camera exposure for both measures of image quality were
less than one-third of a stop apart.
The correlation between resolution and relative legi
bility was high in all cases (minimum of .86) and significant
at the 0.01 level. A linear model best fits these function
al relationships. The R.I.T. 8:1 contrast target provided
the highest correlation with r equal to O.96.
The NBS and R.I.T. test charts were very similar in
the resolution measurements obtained from each. However,
when a secondary observer's measurements were compared to
this author's the between observer differences in resolution
values for the NBS target were nearly four times as large
as the differences on the R.I.T. target.
In summary, the camera exposure of the original nega
tive that provides the highest resolution in a microfilm
system will also be very close to the exposure that yields
the optimum legibility for commonly employed type styles
and sizes. The resolution measurements can be obtained
directly from the microfilm reader that is a part of the
system. If the R.I .T. 8:1 contrast target is used the 
legibility predicti ons will have a high level of accuracy 
and excel lent precisi on. 
Abstract approved: Hollis Todd , thesis adviser 
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CHAPTER I
INTRODUCTION
The use of microfilm and its associated equipment has
firmly established itself as a major vehicle for the proc
essing of information during the last twenty years. Recent
advances in the design of equipment, 'lenses, and dry repro
duction processes allow for the re-enlargement of micro
filmed images to readable-sized copies in a matter of a few
seconds. The variety of equipment and processes available
to a potential user is large, with the future promising
2
additional alternatives. From this variety of
micro-
reproduction equipment and materials the user must decide
which will meet the requirements of the microfilm system
that is contemplated. Assuming that the selection of equip
ment and materials has been properly made and leads to an
efficient operation, the user must then begin the procedure
of optimization with an important goal being a desired
level of image quality upon retrieval.
The desired image quality in a document copying system
can be defined in many ways . The image on the original
microfilm, which is usually about a 20x reduction on a
silver halide film, can be evaluated for such objective
Zi
items as background density, acutance, and resolution. A
20x enlargement of the microfilm image, which can be examined
on a viewer or as a hard copy reproduction, is usually
evaluated for its readability.
The quality and style of original documents photo
graphed in a micro-recording system will differ greatly.
The original documents to be copied at the very least will
vary in type style, type size, background color, line width,
and sharpness. If the micro-recording system employed is
to be successful it must be capable of processing this wide
variety of material satisfactorily. The ultimate test of
the system comes at the point of retrieval.
Since the excellence of the original documents to be
photographed is usually not under the control of the opera
tor, the problem of maintaining quality shifts from the
original to the microfilmed image. The operator must control
the level of quality in the image on the microfilm through
the exposure that the film receives. This is his single
opportunity to influence image quality.
A general statement of the problem would take the form
of the following question: Assuming that the equipment
utilized meets minimum industry standards, how good does the
image on the original microfilm have to be in order to
reproduce from it a legible enlarged copy? It is the purpose
of this research to help answer the above question.
The preceding statement of the problem identifies two
major areas of investigation. The first area deals with the
measurement of
"goodness"
of the image on the original micro
film. Among the various techniques for determining the
micro-image quality of a photographic material, the concept
of resolving power provides the simplest method. The
resolving power is defined as the ability of a photographic
system to accurately reproduce high spatial frequencies.
The test consists of imaging a target which contains a
series of patterns, each having groups of light and dark
lines of equal width with each series increasing in spatial
frequency. The results are expressed in lines per milli
meter. Within the multitude cf resolution targets on the
market are two that are of the most interest in this study.
The first is the National Bureau of Standards Microcopy
Resolution Test Chart #1010, abbreviated as the NBS chart
(See figure 1). The second is the R.I.T. chart (See figure
2) . These targets constitute two quite different types of
arrangements. The NBS Chart is a five-bar design, while the
R.I.T. chart utilizes alphanumeric characters.
The second major problem area identified is concerned
with the measurement of legibility. In examining the psy
chology of perception one finds a variety of techniques for
7
determining the legibility of print. Among these alterna
tives the "distance
technique"
is perhaps the simplest of
o
all, while still maintaining a high degree of validity.
The process basically consists of placing an observer a large
distance from the object to be viex^ed. The distance is
gradually decreased, until the object becomes legible. The
response variable is then taken as the distance separating
the observer from the object.
The aim of this study is to find the relationship be
tween the optimum legibility of microfilmed reproductions
determined by the distance method and the resolution necces-













Figure 1. NBS Resolution Test Chart # 1010,
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CHAPTER II
THEORETICAL BASES FOR THE STUDY
The study outlined in this experiment finds its theo
retical bases located in two different fields. The first
deals with the study of legibility of type; the second con
centrates on the field of micro-image evaluation.
The Study of Legibility
Printers, educators, and psychologists have, for many
decades been interested in how people read. A great deal of
this interest has centered around determining legibility
parameters for the printed word. Literally, thousands of
experiments have been performed and reported covering every
conceivable factor affecting the legibility of print. There
are many human factors associated with the reading abilities
of people. These factors are, in most cases, separate from
typographical structure and more closely related to such
elements as age, educational background, influence of peer
groups and similar human conditions. Since these variables
are near impossible to control most experiments on legibility
deal with the, influence of typographica]. arrangements.
Therefore, it is desirable for this study to limit the dis
cussion of legibility measurements to those factors which are
8
typographical in nature.
A problem that plagues any discourse on this topic
is the definition of the term "legibility". Tinker states
that, "Legibility is associated with the relative percep-






for studies measuring the level of
mental difficulties of reading materials. The distinction
is that legibility is related to perception, which is a
psycho-physiological process, and readability is related to








among others, have examined the influence on leg
ibility of a number of typographical arrangements and con
ditions. The techniques of measurement included: 1) speed
of reading, 2) monitoring eye movements, 3) distance varia
tions between object and viewer, 4) involuntary blinking
rate, 5) ocular muscular tension, and 6) heart rate. Con
sidering these six basic techniques, Tinker has stated that
the first three are valid and reliable in specific appli
cations, while 4 through 6 have proven less useful. The
distance technique is most favorable for this experiment for
two reasons: a) individual differences in reading ability
are minimized, and b) it does not necessitate sophisticated
equipment, which the other techniques require. Simply
stated, the theoretical basis for this portion of the study
would be: the "distance variation
technique"
is a valid and
reliable technique for measuring the relative legibility of
an enlarged microfilmed image.
The Study of Resolving Power
Historically, the oldest and most widely used method
of assessing the quality of small photographic images has
Q
been the concept of resolution. The resolving power of a
system is defined as the ability to record fine detail
dis-
tinguishably. The usual procedure is to photograph a
pattern of lines and spaces, equal in width, and increasing
in spatial frequency. The resulting image is then viewed
under a microscope at an appropriate magnification and the
maximum number of lines and spaces that can be separately
distinguished is determined. The results are expressed in
lines per millimeter. Since the evaluation of the image is
performed with the eye, it is obvious subjective factors
that affect human responses. The configuration of the test
chart is one of these factors that must be considered, as it
is directly related to what type of image the viewer will
see.
The problem of reading resolution targets is very com
mon and rests in the definition of the phrase "separately
distinguished". Nelson states that there are at least two
q
schools of thought for that definition. The first approach
is termed the "line
count"
method and implies that the
10
viewer must count the lines in the image and identify their
direction. The second method is termed "pattern
definition"
and implies that the observer need only perceive a pattern
without distinct separation. The differences between these
two approaches leads to the variations in the results that
have plagued the concept of resolution for many years. All
targets that only consist of parallel lines and spaces suf
fer from this short coming.
The test chart of this type commonly employed for eval
uating microimaging systems is the NBS 1010 Chart (See
figure 1). The target consists of five-line pair groups
at right angles. The line pair groups increase in spatial
frequency by a factor of 1.12 ( ) .
The alternative to this problem of target recognition
is the use of a test chart that contains alphanumeric sym
bols that must be positively identified rather than merely
detected. This approach allows for an accurate determina
tion of whether or not the observer is seeing what he claims
to see. In addition, this type of target is more closely
related in structure to the form of typographical material
that would typically be photographed in a microimaging
system. The only target of this type that is commercially
available at this time is the R.I.T. Alphanumeric Resolu
tion Test Object (See figure 2) .
The theoretical basis for this portion of the research
rests in the belief that: 1) Resolution measurements from
11
an alphanumeric target are more closely related to the
legibility of text than resolution measurements from
multi-
bar targets and, 2) resolution measurements from an alpha
numeric target are subject to less reader variation than
resolution measurement from multi-bar targets.
12
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REVIEW OF IMPORTANT LITERATURE
A survey of the literature pertinent to this study
must draw from two major areas. The published works on the
legibility of print constitutes the first area. The lit
erature of resolution testing of photographic materials
comprises the second.
Legibility Measurements
When one examines the literature associated with legi
bility studies, it immediately becomes obvious that a tre
mendous amount of experimental work has been performed. All
conceivable factors that might be related to the legibility
of print have been tested through a variety of techniques.
It is obvious from this vast array of information that no
single method of measurement is adequate for determining the
legibility of print in all kinds of typographical arrange
ments. In order to narrow the scope of the 'material reviewed,
only those major studies that involve the use of the distance
variation techniques will be considered.
Perhaps. the earliest extensive use to which the distance
variation technique was applied was in a study by Roethlein
in 1912. This study involved the determination of the rela-
14
tive legibility of different type faces. Type faces which
varied in form, heaviness of type, and letter size were
evaluated. For a given type face the position of letters in
letter groups and shape and size of adjacent letters signif-
2
icantly affected legibility. Tinker, in 1930 tested the
relative legibility of modern and old style numerals through
the use of the distance method, supplemented with a speed
of reading test. The results of this experiment indicated
a good correlation between the distance technique for meas
uring legibility and the speed of reading method. This
reference also includes a description of the apparatus and
method utilized. The equipment is basically a wooden bench
about ten feet in length. There is a headrest at one end of
the rail. The stimulus material is set in a small carrier
which can be moved along the bench. The experiment begins
by placing the stimulus material at the far end of the
bench and moving the carrier closer to the respondent in ten
centimeter intervals. The distance at which the stimulus
material becomes accurately readable is the response variable.
3
Further investigations by Tinker indicated that lower
case type is preferred over capitals for continuous and
rapid reading through the use of the distance variation
method.
4
Preston, Schwankle, and Tinker in a 1932 study utilized
the distance method to evaluate the affect of variations in
color of print and background on the legibility of isolated
15
words. Their results indicated that the greater the lumi
nance ratio between word and background the greater the le
gibility of the print.
Webster and
Tinker^
in a study of the influence of
paper surface on print perceptability found that the dis
tance method indicated no difference in legibility between
papers with varying degrees of glaze.
Holmes completed a study on the relative legibility
of black print and white print in 1931* The distance tech
nique was used to determine the legibility of white print on
black and black print on white. The legibility of the black
print was 15$ greater than that of the white print.
In reviewing this literature it is clear that the dis
tance variation method for determining relative legibility
has enjoyed more than a half century of use. While this
technique does not completely meet the needs of all legi
bility tests, all evidence indicates a strong validity in
its use for measuring legibility on a relative scale.
Resolution Testing
The first recorded use of the concept of resolution is
believed to be the work of F. Wadsworth in 1896. His ex
periments involved the estimation of the magnification and
quality necessary in telescopes for the detection of double
stars. Since that time the measurement of resolving power
has been in constant use as a determinent of small scale
16
image quality. Resolution is defined as "the ability to
render visable fine detail of an object". Resolving power
is defined as "the degree to which an imaging system is able
r?
to define the detail of an image". These two terms how
ever, are used more or less interchangeably in all the
references.
The literature dealing with this topic is overwhelming
in volume. Resolving power is only a part of the larger
field of image evaluation. G.C. Brock, in an article dis
cussing his thirty years in the field of image evaluation,
reviews the stature that resolving power currently
main-
o
tains. He states that spatial frequency analysis techniques
(modulation transfer function) provide a valuable tool for
evaluating photo-optical systems, but that these techniques
do not indicate quality in a manner that can be directly
related to the appearance of visual images. Therefore, the
use of resolving power remains heavy in spite of its short
comings. Such variables as target contrast, target configu
ration, and observer ability contribute to the suspicion
that resolving power is an inadequate measure of image
quality. However, as Brock points out, even with its limita
tions understood, resolving power is not likely to be
abandoned when image evaluation methods still require that a
human observer be utilized.
An authoritative investigation dealing with the affect
of target configuration and contrast was that of Perrin and
17
Their study compared nine types of resolution test
chart configurations including the traditional multi-bar (2,
3, 4 and 20 bar) targets and a horizontally divided square.
This horizontally divided square is identical in design to
the character 8 in the R.I.T. alphanumeric test chart. The
resolution was controlled by film exposure. All of the
multi-bar targets gave results that were similar, while the
divided square gave lower values with the peak resolution at
a lower exposure level. The results of this study indicate
that these two target configurations behave in a dissimilar
manner.
McCamy suggests the utilization of alphanumeric charac
ters in the design of a target for microphotographic systems,
with the intent of minimizing the problem of identifica
tion. In 1967 Donaldson and Gough tested a set of alpha
numeric characters to determine if they were equally recog
nizable. The characters 8,5,E,2 and 3 were judged equally
recognizable.
This author, in conjunction with J.G. Naud, tested the
resolution of diazo and vesicular films intended for dupli
cating microfiche. A target designed with the Donaldson and
Gough characters was constructed and used for the test in
addition to the NBS 1010 chart. The results indicated a
negative correlation between resolving power from the NBS
chart and the observed legibility of a similarly exposed and
processed document. The alphanumeric target indicated a
18
positive correlation and yielded data with less variation
than the NBS chart.
The problems associated with the precision of resolu-
12
tion measurements has been addressed by Brock. In a
series of resolution studies using a multi-bar target and
trained observers he found that the standard deviation among
observers to be near 10$ of the mean value. Similar tests
with untrained observers have shown a standard deviation of
TO
greater than 16$ of the mean value. Underhill, of the
R.C.A.F. in 1967 produced a study comparing resolution
measurements from a multi-bar target and an alphanumeric
target in a photographic reconnaissance system. The results
indicated less variability between measurements from the
alphanumeric target for trained observers.
The desire for a practical legibility test has been
14
expressed by Nelson. He states that the use of descriptive
phrases, such as "well defined", "clear and readable", and
"sufficient
sharpness"
are inadequate as measurement con
cepts. He suggests research on the relationship between
legibility and resolving power.
The most recently published research in this area is
15
that of Cranwell. His paper was concerned with the rela
tionship between legibility of microfilmed documents and the
resolution measurements made from the NBS chart and the
International Standards Organization (ISO) Chart (See figure
3). The ISO Chart is the basis of the current international
: : ] is : t &














ono O m O
S3So n io
, * l : I :* ! S









e : : :i .:'. I
E3j-x| ;tjjj








.::! .: 1 o
g OOOO ano O
m O











s . : : 1






g M OOO"Q^ ftyn













: !: : e tt
g ooo -,-, O tf) oS3o to
o : :! : ; * e e @









ee::l ::: 2 0
Figure 3- ISO Resolution Test Chart,
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recommendation for microcopy resolution and legibility
testing.
Cranwell's studies show that there is a weak relation
ship between resolution measurements from the ISO chart and
the generation of acceptable quality (legible) prints from
similarly treated images. He recommends the use of the NBS




As stated previously in
this thesis, the NBS Chart is plagued by the problem of wide
observer variability.
In summary, it has been shown that: 1) relative legi
bility of textual material can be reliably determined via the
distance variation technique, 2) the use of alphanumeric
resolution chart has indicated that it gives data more valid
than that from a multi-bar target for microcopy systems, and
3) the use of the alphanumeric target has been proven to
produce resolution data with more precision than multi-bar
targets.
21
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The hypotheses for this experiment take the form of
the following questions:
1. What is the correlation between resolving power as meas
ured in lines per millimeter on the NBS 100:1 contrast test
target and the relative legibility of a similarly exposed
and processed standard document in two type faces?
2. What is the correlation between resolving power as meas
ured in lines per millimeter on the R.I.T. 100:1 contrast
test target and the relative legibility of a similarly ex
posed and processed standard document in two different type
faces?
3. What is the correlation between resolving power as meas
ured in lines per millimeter on the R.I.T. 8:1 contrast test
target and the relative legibility of a similarly exposed
and processed standard document in two different type faces?
4. If the above variables of resolution and relative legi
bility are found to be statistically significant is there a
first order or higher degree functional relationship between
them?
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5. If the functional relationship between resolution versus
relative camera exposure and legibility versus relative cam
era exposure are second order or higher, is the optimum cam
era exposure the same for both measures of image quality?
Methodology
Design Of The Standard Document
One of the most important phases of the experiment was
the design of the standard documents to be viewed by the sub
jects. The first topic considered was the selection of the
type faces. Tinker indicates that type faces in common use
have been determined to be equally legible. Type faces
must be drastically different before there is a significant
difference in legibility. However, experiments performed
relating to the appearance of type indicate that light, serif-
less type is judged much less pleasing than heavier styles
2
with serifs. With this dichotomy in mind, two type styles
were chosen for the standard documents. The first was the
IBM typewriter Prestige Elite (See Figure 4) . This is a ten
point type characterized as a moderately weighted style by
the manufacturer. The second is IBM typewriter Dual Gothic
(See Figure 5). This is also a ten point type, but much
lighter in weight and without serifs.
The text was composed on an IBM Selectric typewriter
with the use of a carbon ribbon. The text had an average
line length of 27 picas (4.5 inches) and was unjustified.
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Ou*r sun is only one star in the Milky Way
The Milky Way forms a large system or group. Such
a system of stars with dust and gases in space is
called a galaky
Figure 4. IBM Prestige Elite Type Face.
Our sun is only one star in the Milky Way. The
Milky Way forms a large system or group. Such a sys
tem of stars with dust and gases in space is called
a ga I axy
Figure 5. IBM Dual Gothic Type Face.
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Double spacing between lines was used, giving a leading of
approximately six points. An 8|xll inch sheet of Strathmore
Bond was used for each document. The left hand margin was
set at 1 5/8 inches. The first sentence in each paragraph
was indented five spaces. Each paragraph contained approx
imately sixty words. These spatial arrangements are con
sistent with the recommendations given by Tinker for optimum
conditions.
The second area of concern was the selection of the
continuous textual material that would constitute the read
ing material. Since it was believed that the respondents to
be employed for the legibility measurements would be high
school graduates it was reasoned that they all would have
achieved at least a 9th grade (high school freshman) level
of reading ability. To ensure that the level of difficulty
was not too high, the textual material was drawn from read




check tests were the Nelson-Denny Reading Test and the
Baldridge Rate and Comprehension
Test."
From these combinations of type faces -and bext mate
rials thirty-two different standard documents were prepared;
sixteen in Prestige Elite and sixteen in Dual Gothic. Fig
ures 6 and 7 contain actual material used as standard doc
uments.
Design Of The Resolution Targets
The NBS 10-10 Target chosen for this study contained a
27
Scientists insist that, from their point of view,
many musical instruments are faulty. For example, the
violin is made of wood, is very fragile, and is affected
by temperature. An unnecessary complication is that the
player has not only to determine the pitch of a given note,
but at the same time must control the quality.
Figure 6. Standard Document In Prestige Elite Type Face,
Scientists insist that, from their poijnt of view,
many musical instruments are faulty. For example, the
violin is made of wood, is very fragile, and is affected
by temperature. An unnecessary complication is that the
player has not only to determine the pitch of a given note,
but at the same time must control the quality.
Figure 7. Standard Document In Dual Gothic Type Face.
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contrast ratio of 100:1. A 100:1 ratio is specified in the
National Microfilm Association Standard for the resolution
testing of silver halide microfilm. Two types of R.I.T.
targets were used; the first contained a contrast ratio of
8:1. The purpose for including the low contrast target is
that the textual material being photographed is low contrast
in nature. There was, therefore, an apriori belief that the
low contrast target would yield data more closely correlated
with practice.
The configuration for each of the test objects within
the frame was the same. Shown in Figure 8 is the R.I.T. tar
get array. This target array is also specified in the Na
tional Microfilm Association Standard previously mentioned.
The Photographic Recording
The photographic system employed for the recording of
all images consisted of an Eastman Kodak Model MCD-2 micro
film camera with a 55 millimeter, f/5.6 lens. The film used
was Eastman Kodak AHU Micro-file, emulsion number 31-1193
with an expiration date labeled as October 1975. The film
was refrigerated from the time of purchase until two hours
before its exposure. The camera was set to give a 24x re
duction.
Exposure of the film was controlled by varying the il
luminance at the subject plane. The exposure time for each









Figure 8. RIT 100:1 Target Array.
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levels were used. They were 20, 28, 40, 56, 80, 112, 160
and 224 foot-candles covering a range of about 10:1. All
three resolution targets and both types of standard documents
were photographed frame by frame at each of the illuminance
levels.
The exposed film was processed in an Eastman Kodak
Prostar Film Processor equiped with Prostar chemistry. This
machine is designed specifically to process microfilm and is
commonly employed in the Industry. Sensitometric tests in
dicate that the film was processed to a gamma of 1.6. This
is the specification given by Eastman Kodak for the proc-
7
essing of microfilms.
Resolving Power Target Evaluation Technique
All resolution target images were read on an Olympus
Model X stereo microscope, producing a magnification of 80x.
For the NBS target, in order for a line-pair to be considered
as resolved the lines had to be counted both vertically and
horizontally, with separation between each line for the en
tire length of the line. When the R.I.T. target was eval
uated all three alphanumeric characters had to be positively
identified. One incorrect response was taken as sufficient
to indicate a lack of resolution.
In addition, all resolution target images were read on
the microfilm reader that was employed for the legibility
tests. This reader gives a 24x magnification.
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All resolution measurements were performed by the
author with the belief that my prior experience in making
resolving power measurements justified my opinion as expert.
However, in order to assure that my judgments were reason
able, a secondary observer was used to verify my readings
at selected levels. J.G. Naud of R.I.T. was employed for
this purpose.
Legibility Evaluation Technique
The apparatus used to determine the relative legibility
of the various standard documents consisted of an Areata
F-66 microfilm reader mounted on a four-wheel cart (See
Figure 9) This reader gives a 24x enlarged projected image.
The cart rested upon a platform ten feet in length. The
cart was movable along the platform in one direction only,
through the use of guiding tracks. A cord was attached to
the cart with the other end placed in the subject's hand.
To determine the relative legibility of each document the
microfilm reader was placed at the farthest distance (10
feet) from the subject (See Figure 10). The subject was then
instructed to pull the cart along the track until the image
on the screen appeared to become legible. Each subject
was asked to read the text aloud as he felt that it became
legible. Images were judged as legible when the subject was
able to read a complete sentence without error. The dis
tance between the microfilm reader screen and the subject
33
Figure 9. Areata F-66 Microfilm Reader,
34j
Figure 10. Legibility Distance Measurement Apparatus.
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was then recorded.
For each of the two types of documents (Prestige Elite
and Dual Gothic) there were eight levels of camera exposure.
At each level of camera exposure there were two replicates
for each type face, giving a total of thirty-two images.
The first replicate set was completely randomized and pre
sented to the observers as images 1-16. The second repli
cate set was randomized in a different order and presented
to the observers as images 17-32. Between each image a
neutral density of 1.0 was introduced onto the reader screen
to allow for the adaptation of the observer's vision to the
same moderate level.
The room in which the legibility measurements were
made was darkened with only the light from the microfilm
reader providing illumination. The illuminance on the test
facility was about 2 foot candles.
A total of fifteen people participated in the col
lection of the relative legibility data. Each participant
was known to possess normal visual acuity (20-20) in both
eyes.
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The data resulting from the experimental program took
two forms. The resolution measurements were the first to be
obtained. Five readings of each frame at each exposure
level were made. Since each exposure level was replicated
the average resolution value for any 'target at any level is
the result of ten samples. All resolution readings were
performed on the microscope (80x) except where indicated.
Table 1 contains the average resolution measurements for
each target at all levels and under all viewing conditions.
The columns designated JC indicate that this author made the
readings. Those columns labelled JN indicate that Jean Naud
made the readings. The columns labelled
"difference"
show
the range between the two sets of readings from different
observers. The difference in each successive exposure level
is equal to 0.15 in logs or ^ stop in photographic terms.
The second type of data from the experiment relates to
legibility, which is given as distance values in inches for
the two type faces tested. Each type face was replicated at
the two type faces tested. Each type face was replicated at
every exposure level, randomized in order of presentation and
shown to fifteen observers. Therefore, there are two sets of
Table 1. Average Resolution Measurements For All Targets
And Reading Conditions .
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1 0.00 46 34 12 42 39 3 48 38
2 0.15 75 49 26 67 75 10 74 54
3 0.30 93 72 21 90 94 4 89 72
4 0.45 109 87 22 105 107 2 102 80
5 o.6o 120 96 24 117 113 4 110 93
6 0.75 122 88 34 117 117 0 107 91
7 0.90 115 85 30 109 106 3 95 87
8 1.05 96 81 15 88 92 4 78 71
* Note: The readings in this column were taken from
the Areata F-66 Microfilm Reader.
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Table 2. Average Distance Measurements For The Replicate
Sets Of Both Type Faces
rH H H |x H H \x
d> H H
> bD
ai o CV <l) 0) O O V
vA l-H P P p rl H rl
H H rH .C s: .c
CV a) H H rH P p p
U > W W Ph O 0 0
2 H C3 O C5
CO P 0 0) CV
o n5 bD bD bD rH H rH
Pa H H H H a5 CD cn











1 0.00 44.9 44.7 44.8 4o.o 45.5 42.8
2 0.15 62.9 64.8 63.9 57.0 58.2 57.6
3 0.30 72.3 66.7 69.5 73.7 67.6 70.7
4 0.45 75.5 74.9 75.2 74.0 74.0 74.0
5 o.6o 74.9 73.1 74.0 77.3 75.1 76.2
6 0.75 75.4 75.0 75.2 75.0 73.8 74.4
7 0.90 66.7 67.7 67.2 68.9 66.3 67.6
8 1.05 64.7 60.1 62.4 57.1 56.3 56.7
4o
data (I and II) for each type face. Table 2 displays these
distance values in inches as averages from fifteen samples.
The columns indicated by x contain the averages of the rep
licate sets for each type face at all exposure levels. As
for the exposure level differences, they also are equal to
\ stop differences.
In order to plot the scatter diagram for legibility
(distance) versus resolution (lines/mm) the legibility data
was normalized by setting seventy-eight inches equal to 1.00,
No distance measurements greater than seventy-eight inches
were recorded. The scatter diagrams for Relative Legibility
and Resolution were constructed and are shown as Figures 11,




























4o 50 60 70 80 90 100 110 120 130 i4o
Resolution (lines/mm)
Figure 11. Scatter Diagram For NBS 100:1 Target Versus






























4o 50 60 70 80 9c 100 110 120 130 i4o
Resolution (lines/mm)
Figure 12. Scatter Diagram For NBS 100:1 Target Versus


















4o 50 6o 70 8o 90 loo no 120 130 i4o
Resolution (lines/mm)
Figure 13. Scatter Diagram For R.I.T. 100:1 Target Versus




























4o 50 60 70 80 90 100 no 120 130 i4o
Resolution (lines/mm)
Figure 14. Scatter Diagram For R.I.T. 100:1 Target Versus
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4o 50 60 70 80 90 100 110 120 130 i4o
Resolution (lines/mm)
Figure 15 . Scatter Diagram For R.I.T. 8:1 Target Versus
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4o 50 6o 70 8o 90 100 no 120 130 i4o
Resolution (lines/mm)
Figure 16. Scatter Diagram For R.I.T. 8:1 Target Versus






























4o 50 60 70 80 90 100 110 120 130 l4o
Resolution (lines /mm)
Figure 17 . Scatter Diagram For R.I.T, 8:1 Target* Versus
Relative Legibility Of Dual Gothic Type Face,
*Note: Resolution measurements for this graph
were obtained on the microfilm reader.
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The correlation coefficients (r) were then calculated
for each of the diagrams. The r values were also cal
culated to show the percent of the total variability due to
the association of the two variables. Table 3 contains these
2
r and r values.
Since all of the correlation coefficients were high, a
linear regression analysis was performed on each set of data.
The resulting linear models are given in Table 4. The re
gression lines for these models have been drawn on the cor
responding scatter diagrams (Figures 11, 12, 13, 14, 15, 16
and 17 ) .
Table 3. Values Of r and r For Resolution Versus
Relative Legibility
Dual Gothic Prestige Elite























* Note: All r values are significant at <*
= 0.01,
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Table 4. List Of First-Order Regression Models For Resolu
tion Versus Relative Legibility.
Dual Gothic Prestige Elite
NBS (100:1) Y = 0.38 + 0.0047(X) Y = 0.43 + 0.0044(X)
RIT (100:1) Y = 0.41 + 0.0052(X) Y = 0.47 + 0.004l(X)
RIT (8:1) Y = 0.33 + 0.0058(X) Y = O.38 + 0.0050(X)
RIT (8:1)
(Reader)
Y = 0.44 + 0.0057(X)
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The resolution measurements from each target were
plotted as a function of camera exposure level (See figures
18, 19, 20 and 21). All four of the plots are parabolic in
nature. A one-variable second-order regression model was












12 3 4 5 6
Camera Exposure Level^
7 8






























































































Figure 21. Resolution From R.I.T. 8:1
Target* Versus Camera
Exposure Level.
*Note: Resolution measurements for this graph
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Camera Exposure Level-
Legibility Distance For Dual Gothic Type Face
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Figure 23. Legibility Distance For Prestige Elite Type Face
Versus Camera Exposure Level.
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These second-order models are given in Table 5. An
analysis of variance on each model indicated that the lack
of fit was not significant with an alpha risk of 0.05.
The second-order models for the five functional rela
tionships were calculated for their optimum X (exposure
level) value. These numbers were then converted to relative
log H values, setting the highest value (4.95) equal to 0.00.
This allows for an easy determination of exposure differences
between the optimum values.
In the legibility determination part of the experiment
there were two factors being tested. The first was type
face. The observers viewed standard documents in both Pres
tige Elite and Dual Gothic style types. The second factor
was camera exposure level. Each observer viewed the standard
documents at eight different exposure levels, covering a
ratio of near 10:1. To determine what effect these factors
had on the distance measurements a two-factor analysis of
variance was performed. This test indicated that the type
face from which the standard document was constructed was
not significant, with 95$ confidence. Camera exposure level
was found to be extremely significant, with 95$ confidence.
The test is summarized in Table 7.
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Table 5. List Of Second-Order Regression Models For Legi
bility Distance And Resolution Versus Camera Ex
posure Level.
Functional




















Y = 14.20 + 36.50(X1) - 3.54(XX2)
* Note: Lack of fit for all models is not significant
at an c< = 0.05.
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Table 6. List Of Optimum X (Exposure Values) From Legibility
Distance And Resolution Versus Camera Exposure
Level Second-Order Regression Models.























* Note: The relative log H values have been normalized
on the Dual Gothic vs Camera Exposure Level
data.
Table 7. ANOVA Summary For The Effect Of Type Face And
Camera Exposure Level On Legibility Distance
Measurements.
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Source SS dV- MS F Ratio
Type Face 18.75 1 18.75 4.17
Exposure 3262.66 7 466.09 104 .
Interaction 65.41 7 9.34 2.08
Subtotal 3346.82 15
Residual 71.75 16 4.48
Total 3418.57 31
F16, 1, .05
" *-*9 pl6, 7, .05
" 2-66





The conclusions for this experiment will take the form
of answers to the five questions posed as the hypotheses.
la. The correlation coefficient between resolving power
from the NBS 100:1 contrast target and the relative legi
bility of a similarly exposed and processed standard docu
ment in Prestige Elite type face is 0.88. This statement
is made with 99$ confidence.
lb. The correlation coefficient between resolving power
from the NBS 100:1 contrast target and the relative legi
bility of a similarly exposed and processed standard docu
ment in Dual Gothic type face is 0.86. This statement is made
with 99$ confidence.
2a The correlation coefficient between resolving power from
the R.I.T. 100:1 contrast target and the relative legibility
of a similarly exposed and processed standard document in
Prestige Elite type face is 0.90. This statement is made
with 99$ confidence.
2b. The correlation coefficient between resolving power
from the R.I.T. 100:1 contrast target and the relative
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legibility of a similarly exposed and processed standard
document in Dual Gothic type face is 0.94. This statement
is made with 99$ confidence.
3a. The correlation coefficient between resolving power
from the R.I.T. 8:1 contrast target and the relative legi
bility of a similarly exposed and processed standard docu
ment in Prestige Elite type face is 0,91. This statement
is made with 99$ confidence.
3b. The correlation coefficient between resolving power
from the R.I.T. 8:1 contrast target and the relative legi
bility of a similarly exposed and processed standard docu
ment in Dual Gothic type face is O.96. This statement is
made with 99$ confidence.
4. In all cases the variables of resolution and relative
legibility were found to be statistically significant with
an alpha risk of 0.01. In all cases there is a first-order
functional relationship between them.
5a. The functional relationship between resolution versus
relative camera exposure is of the second order in all cases
tested. The functional relationship between relative legi
bility versus relative camera exposure is of the second
order in all cases tested. These statements are made with
95$ confidence.
5b. The optimum camera exposure is net the same for both
measures of image quality. However, the maximum difference
found was only 0.10 in logs or 1/3 of a stop in camera
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exposure. This is a very slight difference.
Summary
The correlation coefficients between resolution and
relative legibility were all extremely high. The lowest
2
r value, which came from the NBS 100:1 Dual Gothic rela
tionship is still high enough to indicate that only 25$ of
the total variability for that combination is attributable
to error and other unaccountable sources of variation. Even
the resolution measurements made off the microfilm reader
indicated a high correlation (0.88) with relative legibility.
All of this indicates that resolution measurements in all
conditions tested are good predictors of the relative legi
bility of textual material within the same microfilm system.
This experiment indicated that when an original negative
microfilm system is optimized for exposure that the exposure
tha.t produces the highest resolution will be extremely close
to the exposure that produces legible textual material.
Since resolution measurements are far simpler to make, one
can easily insure near optimum legibility when the optimum
resolution has been found. This holds true even when the
resolution measurements are performed on the microfilm reader
that is part of the system.
From this evaluation it appears that the R.I.T. 100:1
and NBS 100:1 test targets are measuring the system's reso
lution in a very similar manner. Optimum exposures varied
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by 1/5 of a stop or less. The optimum resolution between
the NBS 100:1 and the R.I.T. 100:1 targets differed by only
five lines per millimeter and was never greater than eight
lines per millimeter at any exposure level. The important
information that relates to the use of these two targets is
found in the comparison of measurements made by this author
and Jean Naud. Before the reading of the NBS 100:1 targets
Mr. Naud and myself had agreed upon the definition of the
term
"resolved"
as given in Chapter 4. Prior to the reading
of the R.I.T. 100:1 targets we likewise agreed on the neces
sary image quality. Referring to Table 1, the between ob
server variability for the NBS 100:1 target v/as txvelve at
its lowest and thirty-five lines/mm at its highest. The
between observer difference on the R.I.T. 100:1 target was 0
at its lowest and 10 lines/mm at its highest. Even though
the two targets are measuring resolution in a similar manner
there is much less variability between readers with the R.I.T,
target.
In summary, it is possible to optimize a microfilm
camera exposure system for legibility in the original nega
tive by optimizing the system's resolution. The resolution
measurements can be made on the microfilm reader, thereby
requiring no additional equipment. If the R.I.T. target is
used the precision of the resolution measurements will be at
least twice as good.
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